f 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number; 



0 226 306 B1 



EUROPEAN PATENT SPECIFICATION 



© Date of publication of patent specincation: 08.05.91 © Int. CIA B01J 35/04, 001 B 3/34 
© Application number: 86308382.0 
@ Date of filing: 28.10.86 



® Self-supporting ceran^ic structures. 



GQ 

O 

« 

CO 
(M 



® Priority: 13.11.85 GB 8528031 

© Date of publication of application: 
24.06.87 Bulletin 87/26 

© Publication of the grant of the patent: 
08.05.91 Bulletin 91/19 

© Designated Contracting States: 

AT BE CH DE ES FR GB GR IT LI LU NL SE 

@ References cited: 
DE-C- 907 289 
FR-A- 1 555 188 
US-A- 3 903 341 
US-A-4135 018 



@ Proprietor: IMPERIAL CHEMICAL INDUSTRIES 
PLC 

Imperial Chemical House, Millbank 
London SW1P3JF(GB) 

© Inventor: Davidson, Peter John 
25 The Green Hurworth-on-Tees 
Darlington Co Durham(GB) 



© Representative: Gratwick, Christopher et al 
Imperial Chemical Industries PLC Legal De- 
partment: Patents PO Box 6 Bessemer Road 
Welwyn Garden City Herts, AL7 IHD(GB) 



O Note: Within nine months from the publication of the mention of the grant of the European patent, any person 
may give notice to the European Patent Office of opposition to the European patent granted. Notice of opposition 

ill shall be filed in a written reasoned statement, it shall not be deemed to have been filed until the opposition fee 
has been paid (Art. 99(1) European patent convention). 



Rank Xerox (UK) Business Services 



EP 0 226 306 B1 



Description 

This invention relates to ceramic structures and in particular to ceramic structures for use as catalyst 
supports. 

5 For some catalytic processes it is desirable to use a catalyst in the form of an active material supported 

on a structure that Is in an ordered configuration within a reaction vessel instead of being in a randomly 

disposed, eg particulate, bed. 

Such ordered structures generally have a multiplicity of through channels for passage of reactants. In 

order to present a high geometric surface, the channels are generally of relatively small cross-sectional 
10 dimensions and are closely spaced to one another: for example there may be used a thin-walled ceramic 

honeycomb structure. 

While such structures generally have adequate strength for many applications, where high temperatures 
and/or high rates of temperature change are liable to be encountered, significant expansion or contraction of 
the structure relative to the containing vessel or even between different parts of the structure may be 

15 encountered, eg where there is non-uniformity of temperature across the structure. Unless the structure is 
capable of movement to accommodate such expansion and contraction, stresses leading to cracking and/or 
crushing of parts of the multichannel structure are liable to occur. 

One method of accommodating this problem is to construct the structure in the form of a plurality of 
units each of which rests on a support extending across the vessel beneath the structure. However to 

20 accommodate the movement, spaces have to be left between the units and/or between the units and the 
vessel walls to allow for expansion: these spaces present catalyst-free pathways for reactants through the 
structure. Also the support is liable to present thermal and engineering problems and may exert a 
significant resistance to reactants flow, thus increasing the pressure drop across the catalyst bed. 

in the present invention these problems are overcome by providing the structure in the form of a self- 

26 supporting assembly of interlocking units. 

Accordingly the present invention provides a self-supporting structure disposed within a containing 
vessel and comprising an assembly of a plurality of discrete interlocking ceramic units, each unit 
having the general shape of a right prism of polygonal cross section having rectangular prism faces, 
having at least one upper projection extending from the upper part of the unit, each upper projection 

30 corresponding to a rectangular prism face, and 

having a plurality of channels extending therethrough in a direction parallel to said rectangular prism faces, 
said units being disposed with their rectangular prism faces adjacent the corresponding faces of adjacent 
units or adjacent the walls of the containing vessel such that: 

said structure is substantially free of pathways therethrough other than through said channels, 
36 each unit that is disposed adjacent the walls of the containing vessel has an upper projection resting upon a 
supporting surface of the containing vessel, and 

each one unit that is not adjacent the walls of the containing vessel has an upper projection resting upon a 

lower projection extending from the lower part of the unit that is adjacent to said one unit and is between 

said one unit and the wall of the containing vessel, 
40 the individual units being capable of sufficient movement relative to one another that thermal expansion or 

contraction of the individual units can be accomodated, whereby expansion or contraction of the units 

relative to the vessel has the cumulative effect of causing variation in the extent of bowing of the structure. 
The structure may be mounted horizontally or vertically or at any angle therebetween. However for 

simplicity of description the structure will be considered to he mounted essentially horizontally across a 
45 vessel having essentially vertical walls. 

The structure, which may have an overall plan of a regular or irregular polygon, or may be circular, is 

generally supported in the vessel by one or more flanges on which at least some of the outer units of the 

structure rest. 

Each unit has the general shape of a right prism of polygonal cross-section, particularly triangular, 
50 rectangular, or hexagonal. The units preferably all have the same general shape and size, except possibly, 
as mentioned hereinafter, those forming the outer units of the structure. As mentioned hereinafter, some or 
all of the outer units of the structure may not be of polygonal cross-section but may have the shape of a 
polygon intersected by a curve, particularly an arc of a circle. Also, as mentioned hereinafter, the units may 
differ from one another in relation to the means effecting inter locking. When considering the general shape 
55 of the units, the shape of the means effecting interlocking is disregarded. 

The general plan of the units are preferably equiangular and equal sided, ie regular polygons, eg 
equilateral triangles, squares, or regular hexagons. It will be appreciated from the following description of 
the construction of the structure that it Is possible to employ units of differing general plan, eg square units 
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in combination with triangular units, but this is not preferred, except in some cases in relation to the cutor 
units of the structure. 

The channels through the units are preferably regular, and extend through the units in a direction 
essentially parallel to the longitudinal axis of the prism. Such units nnay be made by extrusion, for example 

5 by the process described in GB-A-1 385907. Altematively, but less preferably, the units may have irregular 
channels therein, eg as a result of shaping the unit from an organic polymeric material filled with a 
particulate ceramic material, followed by leaching or burning out the organic constituents and sintering to 
cause the ceramic particles to bind together. 

The interlocking between the units is achieved by means of recesses extending along part of the length. 

10 and projections extending along the remainder of the length, of each side of the prism. 

Conveniently the recesses and projections may be made by machining a groove down each face of the 
prism and then inserting into each groove a key having a length corresponding to part, preferably about 
half, of the length of the groove. The remainder of the groove thus forms the recess. Each key has a depth 
greater than the depth of the groove so that, when in the groove, the key extends from the surface of the 

15 prism face, thus forming a projection that can engage with a coresponding recess In an adjacent unit. So 
that the key can freely enter a recess in an adjacent unit, the width of at least the projecting part of the key 
should be slightly less than the width of the groove. One end of the key will normally be flush with the end 
of the unit: the key may have its other end inclined, so that its root in the groove has a length longer than 
the length of the projecting part. 

20 The key is preferably made of ceramic material and may be channel free, but, to avoid uneven stresses 
when heating or cooling, preferably has longitudinally extending channels similar to those of the rest of the 
prismatic unit. The key is conveniently fastened in place by cementing with a suitable ceramic cement 
material. 

According to a further aspect the present invention also provides a prismatic unit of ceramic material 
25 having a plurality of channels extending there through and having in plan a general shape comprising at 
least part of a polygon and having, in at least one prismatic face, a recess extending for part, and a 
projection extending from that face for the remainder, of the length of said face. 

In an alternative, preferred, embodiment wherein manufacture of the units is simplified, the projections 
and recesses extend across the whole width of the face of the prismatic unit: thus, by machining away the 
30 upper part of a face, a ledge is formed on which a projection from an adjacent unit can rest and by 
machining away the lower part of a face, the remaining upper part of that face forms a projection. 

The projections on a unit serve to support that unit relative to an adjacent unit. Thus a projection from 
the lower part of a face of one unit forms a support on which a projection from the upper part of a face of 
an adjacent unit can rest. Since the structure is self-supporting, each unit has a projection from the upper 
35 part of at least one face of the prism. Most units should have a projection from the upper part of at least 
two, but not all, faces of the prism. However, in order for the structure to be assembled, it may be 
necessary that one or more units have projections from the upper part of all faces of the prism. 

As mentioned hereinbefore, some or ail of the outer units of the structure may be of a different general 
shape to the other units. Thus where the structure is mounted in a vessel of cylindrical cross-section, the 
40 outer units may be shaped, eg by machining, so that the structure has a circular plan. The outer units are 
provided with a rebated lower part so that the upper part of the outer units can be supported on an annular 
flange or rebate in the vessel wails. 

Alternatively the outer units may comprise polygonal units of differing shapes to fill partially the space 
between the assembly of regular units and the circumscribed circle. 
45 The size of the individual units should be such that they are not a tight fit relative to one another so that 
relative movement between adjacent units is possible. However it may be desirable to insert, during or after 
assembly, a compressible material, eg ceramic fibre wadding, between adjacent units. 
The invention is illustrated by reference to the accompanying drawings wherein: 

Figure 1 Is a cross-section through a vessel having a self-supporting catalyst bed wherein the vessel and 
50 bed are in the cold state. 

Figure 2 is a view similar to that of Figure 1 but in the hot, expanded, state. 

Figure 3 is an isometric view of a single square configuration unit. 

Figure 4 is a plan view of the unit of Figure 3. 

Figure 5 Is an elevation of the unit of Figure 3. 
65 Figures 6 and 7 are diagramatic plan views of structures using square configuration units. 

Figure 8 is an isometric view of a structure using hexagonal configuration units, with part of the vessel 

wall cut away. 

Figure 9 is a plan of an alternative arrangement to Figure 8, with one of the outer units omitted for clarity. 
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Figure 10 is an isometric view of the unit missing from the arrangement of Figure 9. 

Figure 11 is a diagramatic plan view similar to Rgure 6 wherein the bed is composed of square units and 

additional rectangular outer units. 

Figure 12 to 16 illustrate an alternative embodiment wherein the projections and recesses extend across 
5 the whole width of the prism face. 

Figure 12 is a diagrammatic view of a typical unit derived by machining away parts of faces of a regular 
hexagonal prisms. 

Figure 13 is a diagrammatic plan view of an assembly of the units. 
Figure 14 is an exploded view of part of Rgure 13. 
10 Figure 15 is an elevation of part of the wall of the vessel used in the embodiment of Figure 13. 
Figure 16 is a section along the line A-A of Figure 15. 

In the drawings, for clarity, the channels through the units have been omitted except In Figure 4. Also, 
except in Figures 1. 2 and 8, the clearances between individual units have been omitted for the sake of 
clarity. 

75 In Figure 1 there is shown a catalyst bed consisting of a number of units 1 to 5 mounted In a vessel 
having walls 6 provided with a rebate 7. Each unit (one of which is shown in Figures 3 to 5) is generally 
square in plan and is an extruded ceramic honeycomb wherein the honeycomb passages 8 extend 
vertically through the unit. Each prismatic face of the unit has projections formed by cementing a ceramic 
block into a vertical groove 9 machined, or formed during the extrusion of the honeycomb, in the face of the 

20 honeycomb extrusion. 

In units 1, 2, 4 and 5 the ceramic blocks are positioned to form projections 10 extending for about the 
upper half of the length of the unit from one face and corresponding projections 11 extending for about the 
lower half of the length of the unit from the opposite face. In unit 3 the ceramic blocks are positioned to 
form projections 10 extending for about the upper half of the length of the unit from two opposed faces. The 

25 positioning of the projections on the other two faces of each of blocks 1 to 5 will depend on where in the 
structure the cross-section is taken and is further described hereinafter. 

In Figure 1 the structure is shown in the cold state and it is seen that unit 2 is supported by the lower 
edge 12 of Its upper projection 10 resting on the upper edge 13 of the lower projection 11 of unit 1. Also, as 
is seen from Rgure 1, the upper edge 14 of the upper projection 10 of unit 2 bears against the bottom of 

30 the groove 9 in unit 1 above the lower protection 11 of unit 1. Unit 4 Is supported in like manner by unit 5. 
Unit 3 is supported in like manner by units 2 and 4. Units 1 and 5 are supported by the lower edges 12 of 
their upper projections 10 resting on the rebate 7 in the walls 6 of the vessel and by the lower edges 15 of 
the faces 16 from which upper projections 10 project bearing against the walls 6 of the vessel. 

It will be appreciated that, If desired, the projections and groove may be dimensioned so that it is the 

35 upper edges of the adjacent unit faces that abut, rather than the upper edge 14 of upper projection 10 
abutting against the bottom of groove 9. 

In Rgure 2 the bed is shown in the heated state. For simplicity it has been assumed that the units have 
not expanded significantly but that the vessel has expanded through thermal expansion. In practice, of 
course, the units will expand, but not to such a great extent as the vessel. From Figure 2 it is seen that the 

40 units are still supported as before but, because of the expansion of the vessel, the structure sags, or bows, 
to a greater extent than when cold. 

In some cases the vessel may be maintained at a constant temperature, eg by a cooling jacket, and so 
does not expand, but the units expand. In this case the "cold" configuration will be analogous to the 
configuration of Figure 2 and the "hot" configuration analogous to that of Figure 1. 

45 As shown in Figure 4, the channels through the unit are of triangluiar cross-section. Typically there are 
10 to 100 channels per cm^ with a wall thickness of about 0.2 to 0.5 mm between adjacent channels. Other 
channel configurations, channel densities (i.e. no. of channels per cm^) and wall thickness may of course be 
employed. 

In Figure 6 there is shown a square, symmetrical, structure composed of generally square units. For 
50 simplicity, as mentioned hereinbefore, in this Figure and Figures 7, 9 and 11, no gaps are shown between 
the units or between their projections and the corresponding recesses in adjacent units. Likewise, for clarity, 
the projections are shown as being integral with their respective units. In Figure 6 the structure is made 
from 25 units: there are 16 type 'A* units, 8 type 'B' units, and 1 type 'C unit. A type 'A' unit has the 
configuration shown in Rgures 3 to 5. i.e. it has upper projections 10 on two adjacent faces and lower 
55 projections 11 on the other two adjacent faces. Type 'B' units have an upper projection 10 on each of three 
faces and a lower projection 11 on the fourth face. Type 'C units have upper projections 10 on all four 
faces. 

It is seen that the structure can be assembled by positioning the four outer corner units 17 (type 'A') on 
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a support within the vessel so that the upper projection 10 thereof rest in recesses in the vessel wails 6. 
The eight intermediate (type 'A') units 18 of the outer square are then Inserted, each with one upper 
projection 10 engaging in recesses in the vessel wall 6, and then the four middle (type 'B') units 19 are 
inserted, each with one upper projection 10 engaging in a recess in the vessel wall 6 and with the other two 

5 upper projections 10 engaging with the recesses in the intermediate units on either side of the middle unit. 
The intermediate square, comprising eight units, is assembled in like fashion using four type 'A' units as the 
corner units 20 and four type 'B' units as the middle units 21. Finally a central, type V\ unit 22 is inserted 
to complete the structure: the temporary support in the vessel can then be removed. It will be appreciated 
that the structure can be assembled outside the vessel on a suitable support and then inserted into the 

70 vessel while still on the support which is then removed. 

An alternative assembly is shown in Figure 7. While lacking the symmetry of the Figure 6 structure, it 
may in some cases be easier to assemble. Here the structure is again assembled from 16 type 'A' units. 8 
type 'B* units, and 1 type unit, but each layer of the square Is constructed in a clockwise fashion. Thus 
first a type 'A' unit 23 is positioned on a temporary support to form a first corner with its upper projections 

15 engaging recesses in adjacent walls of the vessel. Then three type 'A' units, 24. 25. 26 are inserted, in that 
order, each with one upper projection engaging a recess in the vessel wall and one upper projection 
engaging with a recess in the preceding unit A type 'B' unit 27 is then inserted with two upper projections 
engaging recesses In the vessel walls and one upper projection engaging a recess in unit 26. This 
completes one side of the outer layer. The adjacent side is then assembled in like manner from three type 

20 'A' units 28, 29, 30 and a type 'B' unit 31 forming the third corner. The third side is then assembled in like 
manner frorn three type 'A' units 32, 33, 34 and a type 'B' unit 35 forming the fourth corner. The fourth side 
is assembled from two type 'A' units 36, 37 and a type 'B' unit 38. The Intermediate layer Is assembled in 
similar fashion from four type 'A' units 39, 40. 42 and 44 and four type 'B' units 41. 43. 45. 46 and then the 
central type *C' unit 47 is inserted. 

25 While in theory it is possible to use units having only one upper projection 10 and three lower 
projections 11, structures incorporating such units are less well supported and so are not preferred. 

In Figure 8 a structure comprising nineteen hexagonal units is shown. This structure is assembled in 
similar fashion to that of Figure 7. built up in layers, from the outside inwards, but in this case in an 
anticlockwise direction. This structure employs five different types of units: 



30 



36 



40 



46 



50 



55 



No. of No. of 
Type upper units Unit NoSi 
projections required 



D 2 1 48 

E 3 6 50, 52, 54, 56, 58, 60 

F 4 9 49, 51, 53, 55, 57, 61, 62, 63, 64 

G 5 2 59, 65 

H 6 1 66 

It is seen from Figure 8 that the outer layer (units 48 to 59) are supported by their upper projections 10 
in two or three adjacent faces resting on a rebate 67 of a ring 68 attached to. or forming part of. the vessel 
walls. The ring 68 has an interior surface contoured to follow the outline of the assembly of the units to 
minimise passage of reactants between the structure and the vessel walls. 

Alternatively as shown in Figures 9 and 10 the units B9 - 80 of the outer layer are machined to give the 
assembly a circular outline with*"a rebate 81 machined in the lower part of these outer units to enable these 
units to be supported by an annular flange 82 fastened to the wall 6 of the vessel. 

Since in this arrangement the outer units are supported by rebate 81 engaging with flange 82. these 
outer units do not have upper projections in the faces adjacent the vessel wall 6. Indeed, for at least one of 
these units, ie unit 69, it is not necessary that the unit has any upper projections. 

As shown in Figure 11. to minimise wasted vessel cross-section, the outer layer of the structure may be 
composed of units of different general shape to the units forming the rest of the structure. Thus this 
structure Is assembled from twelve rectangular units (eight of which are elongated) and twenty five square 
units. Assembly is in the numerical order 83 to 119. In this assembly, rebates are formed in the lower parts 
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of the outer units 83. 84, 86. 87, 88, 91, 93. 94, 96, 98, 100, 101, 103, 105, 107 and 109 so that they can be 
supported by flange 82* (the inner edge of which is shown dotted) fixed to the vessel walls 6. Therefore it is 
unnecessary that those faces of these outer units that are adjacent the vessel walls have other upper 
projections. 

5 In the ennbodinnent shown in Figures 12 to 16, the units are derived fronn regular hexagonal prisms by 
machining away the lower part of one or more of the prism faces across the whole width of the face and, in 
the case of most of the units, also by maching away the upper part of one or more of the faces across the 
whole width of the face. 

A typical unit, in fact a type "R" unit as described hereinafter, is shown in Figure 12 and the hexagon 

70 "abcdefghijkl" from which it is derived is shown in broken lines. It is seen that this unit Is derived from the 
hexagon by machining away the upper half of faces "abhg", "afig", and "efik", and the lower half of faces 
"dekj" and "cdji". Although not apparent from Figure 12, the lower half of face "bcih" is also machined 
away. The machining away of the upper faces thus provides ledges 120, while the machining away of the 
lower faces provides projections 121. The resultant unit has the appearance of two hexagonal prisms, 

15 wherein the hexagonal ends have angles of 120* between adjacent sides but do not have all their sides 
equal, stacked off-set on one another. 

In the assembly shown diagrammatically In Rgure 13, the units are depicted for simplicity as regular 
hexagons, but as will be apparent from the following description only the central unit 122 In fact is regular. 
In this Rgure most of the lines depicting the hexagons have a "V" mark. This is used here to denote that 

20 the lower part of the relevant face of the hexagon within which the "V" is situated is cut away. Thus each 
"V" denotes a "projection". The assembly shown in Figure 13 is formed from one central unit 122, 
designated a type "P" unit; a ring of six units, type "Q", surrounding the central unit 122; a ring of twelve 
units, alternating type "R" and type "S", round the ring of "Q" units; and an outer ring of eighteen units, in 
repeating anticlockwise sequence "R" - "T" - "U". 

25 In type "P" units, the lower part of all six rectangular faces of the hexagon are machined away. In type 
"Q" units, the lower parts of four adjacent rectangular faces are machined away, and then, clockwise, the 
upper parts of the last of those four faces and of the next adjacent rectangular face are machined away. In 
type "R" units, as shown In Figure 12, the upper parts of three adjacent rectangular faces, and the lower 
parts of the other three rectangular faces, are machined away. In type "S" units, the upper parts of two 

30 adjacent rectangular faces, and the lower parts of the other four rectangular faces, are machined away. In 
type "T" units, the lower parts of three adjacent rectangular faces are machined away, and then, clockwise, 
the upper parts of the next two adjacent rectangular faces, are machined away. In type U" units, the lower 
parts of four adjacent rectangular faces are machined away, and then, clockwise, the upper parts of the last 
of those four faces and of the next two adjacent rectangular faces, are machined away. In another form of 

35 the assembly, as described below, another type of unit, type "Z", is required. In type "Z" units the lower 
parts of five rectangular faces, and the upper part of the other rectangular face, are machined away. 

The assembly of Figure 13 is constructed by forming the outer ring of "R", "U" and "T" units, inserting 
the "R" units before the adjacent "T" and "U" units. The ring of "R" and "S" units is then Inserted, with the 
"R" units inserted before the "S" units. Then the ring of "Q" units is inserted and finally the central "P" unit 

40 1 22. 

in Figure 14, part of the assembly of Figure 13 is depicted in an exploded state and the units are shown 
with their irregular hexagonal form. By the use of dotted lines where necessary, the outlines of the tower 
portions of the units are shown. 

It will be noted that, because in "Q" units one face is not machined at all and on another face both the 

45 upper and lower portions are machined away leaving a smooth face, there are no projections and 
corresponding ledges between adjacent "Q" units, similarly because one face of a "T" unit is not machined 
and both the upper and lower portions of one face of a "U" unit are machined away, there are no ledges 
and projections between adjacent "T" and "U" units. The provision of projections and ledges between such 
adjacent units would not contribute to the support of such units. It is believed that the assembly of Figure 

50 13 provides the optimum load distribution. However in some cases, because of the lack of ledges and 
projections therebetween, there is a possiblity that gas can flow between adjacent "Q" units and/ or 
between adjacent "T" and "U" units. Where it is desired to minimise the possibility of gas flow between 
adjacent units rather than through the units, alternative assemblies may be employed. Thus the ring of "Q" 
units may be replaced by a ring of alternating "R" and "Z" units, or by a ring composed of, in anticlockwise 

55 direction, a "R" unit, four "S" units and a "Z" unit; and the "U" and "T" units may be replaced by "R" and 
"S" units respectively. 

One problem that may arise in some applications, particularly where the projections are formed by 
machining away across the whole face of the prism, is that the flow of gas through the channels in the 
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projections supported at the vossol v/all may bo impeded by the support on the vessel v/ail. This can in 
some cases lead to a stagnant column of gas In those channels and may present uneven heating and/or 
cooling of the parts of the units adjacent the vessel walls in relation to the rest of the unit. As shown in 
Figures 15 and 16 this problem may be overcome by providing a plurality of slots 123 in the ledge on the 

5 vessel wall supporting the unit to provide a route for gas flow between the channels through those 
projecting parts and the interior of the vessel below the units. The position of the unit is shown dotted in 
Figure 16. An alternative solution is to provide a plurality of holes drilled horizontally through the lower 
portion of those projecting parts of the unit that are to be supported by the vessel wall ledge. In this way 
gas can flow between channels extending through the whole length of the unit and the channels extending 

70 through those projecting parts. 

It will be appreciated that the number of units employed will depend on the shape and size of tho 
individual units and the desired area of the bed: while for simplicity in the drawings the size of the units is 
such that the greatest dimension of the vessel cross-section Is spanned by no more than seven units (in 
Figure 11), in practice larger numbers can be employed. Preferably the size and shape of the units is such 

15 that the greater dimension of the vessel cross-section is spanned by 3 to 15 units. Each unit preferably has 
a ratio of height, ie length of the through channels, to maximum unit cross-sectional dimension in the range 
1 to 20. 

The structures of the invention can be used as supports for catalysts in a wide variety of catalytic 
reactions. The nature of the catalyst will depend, of course, on the reaction envisaged. The catalytic 

20 material, or material convertible thereto, e.g. by reduction, may be incorporated as one or more of the 
constituents of the ceramic material or may be deposited thereon as a coating: alternatively It may be 
incorporated by impregnation. 

One particular type of process where the structures of the invention are of particular utility is for the 
production of hydrogen-containing gas streams by the reaction of a hydrocarbon feedstock with steam, 

26 carbon dioxide and/or oxygen (as such or as air or oxygen enriched air). In such a process the reactants are 
passed through the structure wherein the units are coated, or impregnated, with a suitable catalyst. For 
such processes the catalytically active material is generally nickel, alone or in conjunction with one or more 
other metals of Group VIII of the Periodic Table optionally together with a stabiliser such as alumina. 
Desirably for such processes, particularly where steam is a reactant, the ceramic support should be 

30 essentially free from silica. The production of silica-free extrudates, which are suitable for the manufacture 
of the units of the structure, is described In EP-A-134138. 

The structures are of particular utility in the so called partial oxidation or secondary reforming processes 
wherein a gas stream comprising a hydrocarbon, eg methane, and optionally steam, is reacted with a 
limited amount of oxygen (or air or oxygen-enriched air). The heat evolved by the exothermic reaction of 

35 the hydrocarbon and oxygen provides the heat required for the endothermic reaction of the hydrocarbon 
and steam. Such processes, which may follow a primary reforming step wherein a hydrocarbon is reacted 
with steam in a heated vessel, are normally carried out with a high catalyst bed exit temperature, typically 
above 800 'C and generally in the range 900 to 1200'C. in order to give a gas stream of low methane 
content. The pressure employed is usually in the range 1 - 60 bar abs.. particularly 10 - 50 bar abs. 

40 In some processes it may be desirable to employ a plurality of catalyst beds: thus structures of the 
type described herein may be disposed one above the other, normally with a space between each bed. 



45 Claims 

1. A self supporting structure disposed within a containing vessel and comprising an assembly of a 
plurality of discrete interlocking ceramic units, each unit 

having the general shape of a right prism of polygonal cross section having rectangular prism faces, 
50 having at least one upper projection extending from the upper part of the unit, each upper projection 
corresponding to a rectangular prism face, and 

having a plurality of channels extending therethrough in a direction parallel to said rectangular prism 
faces, 

said units being disposed with their rectangular prism faces adjacent the corresponding faces of 
55 adjacent units or adjacent the walls of the containing vessel such that- 
said structure is substantially free of pathways therethrough other than through said channels, 
each unit that is disposed adjacent the walls of the containing vessel has an upper projection resting 
upon a supporting surface of the containing vessel, and 
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each one unit that is not adjacent the walls of the containing vessel has an upper projection resting 
upon a lower projection extending from the lower part of the unit that is adjacent to said one unit and is 
between said one unit and the wall of the containing vessel, 

the individual units being capable of sufficient movement relative to one another that thermal expansion 
5 or contraction of the individual units can be accomodated, whereby expansion or contraction of the 
units relative to the vessel has the cumulative effect of causing variation in the extent of bowing of the 
structure. 

2. A structure according to claim 1 wherein each unit has at least two upper projections. 

70 

3. A structure according to claim 1 or claim 2 wherein the units are disposed in concentric rings of units 
surrounding a single central unit having upper projections corresponding to each rectangular prism 
face, with each unit of the outermost ring having an upper projection resting on the supporting surface 
of the containing vessel and each one unit of each one ring within said outermost ring having an upper 

75 projection of resting on a lower projection of an adjacent unit in the ring next outside that one ring, and 
the upper projections of the central unit resting upon lower projections of the units of the innermost ring 
of units. 

4. A structure according to claim 3 wherein each unit of said rings of units has at least two upper 
20 projections and at least one lower projection corresponding to a rectangular prism face other than those 

rectangular prism faces corresponding to said upper projections, whereby an upper projection of each 
unit of a ring of units rests upon a lower projection of an adjacent unit in the same ring of units. 

5. A structure according to any one of claims 1 to 4 wherein each unit has the general shape of a right 
25 prism of regular hexagonal cross section. 

6. A structure according to any one of claims 1 to 5 wherein each upper projection is formed by 
machining away the lower part of a rectangular face of the prism, and each lower projection is formed 
by machining away the upper part of a rectangular face of the prism. 

30 

7. A prismatic unit of ceramic material suitable for use in a structure according to claim 1 and having 

a) in plan a general shape comprising at least part of a polygon and having rectangular prismatic 
faces, 

b) in at least one rectangular prismatic face, a recess extending for part, and a projection extending 
35 from that face for the remainder, of the length of that face, and 

c) a plurality of channels extending therethrough in a direction parallel to said rectangular prism 
faces. 

8. A unit according to claim 7 wherein the recess and projection in the face is formed by machining away 
40 the lower part of the face. 

9. A process for the production of a hydrogen-containing gas stream by the reaction of a hydrocarbon 
feedstock with steam, carbon dioxide, and/or oxygen by passing the reactants through a structure 
according to any one of claims 1 to 6, the units being coated or Impregnated with a catalyst for that 

45 reaction. 



Revendications 

50 1. Structure autoporteuse disposee a I'lnterieur d'une cuve de reception et comprenant un assemblage d 
'une pluralite d'elements ceramiques distincts interconnectes , chaque element 
ayant fa forme generale d'un prisme droit de section transversale polygonale a faces de prisme 
rectangulaires, 

ayant au moins une saillie sup^rieure s'^tendant a partir de la partie superieure de I'element, chaque 

55 saillie superieure correspondant a une face de prisme rectangulaire, et 

ayant une piuralite de canaux traversants dans une direction parallele auxdites faces de prisme 
rectangulaires, 

iesdits elements etant disposes avec leurs faces de prisme rectangulaires adjacentes aux faces 
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corrcspondantGS dcs elemonts adjaconts ou adjacGntcs aux parcis dc la cuve de recopticn de sor.e 
que : 

ladite structure est sensiblement exempte de passages traversants autres que lesdits canaux traver- 
sants, 

5 chaque dl4ment qui est adjacent aux parois do la cuve de reception comporte une saillie superieure 
reposant sur une surface support de ia cuve de reception, et 

chaque el^nnent qui n'est pas adjacent aux parois de la cuve de reception comporte une saillie 
superieure reposant sur une saillie inferieure s'etendant a partir de la partie inferieure de Telement qui 
est adjacent audit elennent cite en premier et se trouve entre cedit element et la parol de la cuve de 
10 reception, 

les elements individuefs pouvant effectuer un mouvement suffisant, les uns par rapport aux autres, pour 
absorber la dilatation ou la contraction thermiques des elements individuels. de sorte que la dilatation 
ou la contraction des elements par rapport a la cuve ont Teffet cumulatif d'engendrer une variation du 
degre de courbure de la structure. 

15 

2. Structure suivant la revendication 1, dans laquelle chaque element comporte au moins deux saillies 
superieures. 

3. Structure suivant la revendication 1 ou la revendication 2,dans laquelle les elements sent disposes en 
20 anneaux concentriques d'elements entourant un element central unique comportant des saillies supe- 
rieures correspondant a chaque face de prisme rectangulaire, chaque element de I'anneau exterieur 
comportant une saillie superieure reposant sur la surface support de la cuve de reception et chaque 
element de chaque anneau a I'interieur dudit anneau exterieur comportant une saillie superieure 
reposant sur une saillie inferieure d'un element adjacent de I'anneau suivant h I'exterieur de I'anneau 

25 cite en premier, et les saillies superieures de I'element central reposant sur des saillies inferieures des 
elements de I'anneau d'elements le plus interieur. 

4. Structure suivant la revendication 3, dans laquelle chaque element desdits anneaux d'elements 
comporte au moins deux saillies superieures et au moins une saillie Inferieure correspondant a une 

30 face de prisme rectangulaire autre que les faces de prisme rectangulaires qui correspondent auxdites 
saillies superieures, de sorte qu'une saillie superieure de chaque element d'un anneau d'^l^ments 
repose sur une saillie inferieure d'un element adjacent du meme anneau d'elements. 

5. Structure suivant I'une quelconque des revendications 1 a 4, dans laquelle chaque element a la forme 
35 generate d'un prisme droit de section transversale hexagonale reguliere. 

6. Structure suivant I'une quelconque des revendications 1 a 5, dans laquelle chaque saillie superieureest 
formee par usinage et enlevement de matiere de la partie inferieure d'une face rectangulaire du prisme, 
et chaque saillie inferieure est formee par usinage et enlevement de matiere de la partie superieure 

40 d'une face rectangulaire du prisme. 

7. Element prismatique de matiere ceramique convenant pour rutillsation dans une structure suivant la 
revendication 1 et ayant 

(a) en plan, une forme generale comprenant au moins une partie d'un polygene et ayant des faces 
45 prismatiques rectangulaires, 

(b) dans au moins une face prismatique rectangulaire, un logement s'etendant sur une partie de la 
longueur d© cette face et une saillie s'etendant a partir de cette face sur le reste de sa longueur, et 

(c) une pluralite de canaux s'etendant a travers I'element dans une direction parallele auxdites faces 
rectangulaires du prisme. 

50 

8. Element suivant la revendication 7. dans lequel le logement et la saillie de la face sont formes par 
usinage avec enlevement de matiere de la partie inferieure de la face. 

9. Procede pour la production d'un flux gazeux contenant de I'hydrogene par la reaction d'un hydrocarbu- 
65 re de base avec de la vapeur d'eau, du gaz carbonique et/ou de I'oxygene. par passage des reactifs a 

travers une structure suivant I'une quelconque des revendications 1 a 6, les elements etant revetus ou 
impregnes avec un catalyseur pour cette reaction. 
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Anspruche 

1. Selbsttragende Struktur, die innerhalb eines aufnehmenden Gehauses angeordnet ist und einen 
Bausatz aus einer Mehrzahl von einzelnen ineinandergreifenden keramischen Einheiten umfaflt, wobei 

5 jede Einheit 

die allgemeine Gestait eines korrekten Prismas von polygonalem Querschnitt mit rechteckigen Prismen- 
flachen hat, 

wenigstens einen oberen, vom oberen Teil der Einheit ausgehenden Vorsprung besitzt, wobei jeder 
obere Vorsprung einer rechteckigen Prisnnenflache entspricht, und 
10 eine Mehrzahl von durch diese hindurch in eine zu den genannten rechteckigen Prismenflachen 
parallelen Richtung verlaufenden Kanalen aufweist, 

die besagten Einheiten mit ihren rechteckigen Prismenflachen angrenzend an die entsprechenden 
Flachen von benachbarten Einheiten Oder benachbarten Wanden des aufnehmenden Behalters ange- 
ordnet werden derart, da/J: 

75 die enrt^ahnte Struktur im wesentlichen von Pfaden durch diese hindurch aufler durch die genannten 
Kanaie frel Ist. 

jede Einheit, die benachbart zu den Wanden des aufnehmenden Behalters angeordnet ist, einen 
oberen. auf einer lagernden Flache des aufnehmenden Behalters ruhenden Vorsprung besitzt und 
jede efnzelne Einheit, die zu den Wanden des aufnehmenden Behalters nicht angrenzend Ist. einen 
2G oberen Vorsprung aufweist, der auf einem unteren Vorsprung ruht, welcher vom unteren Teil der Einheit 
ausgeht, die der genannten einzelnen Einheit benachbart Ist sowie sich zwischen der genannten 
einzelnen Einheit und der Wand des aufnehmenden Behalters befindet, 

die einzelnen Einheiten zu einer ausrelchenden Bewegung relativ zueinander imstande sind, da/J eine 
thermische Expansion Oder Kontraktion der einzelnen Einheiten aufgenommen werden kann, wobei eine 
25 Expansion Oder Kontraktion der Einheiten mit Bezug zum Behalter den kumulativen Effekt hat. eine 
Anderung im Ausma/J der Biegung der Struktur hervorzurufen, 

2. Struktur nach Anspruch 1 . wobei jede Einheit wenigstens zwei obere Vorsprunge besitzt. 

30 3. Struktur nach Anspruch 1 oder 2. wobei die Einheiten in konzentrischen Ringen von Einheiten, die eine 
einzelne Zentrumseinheit umgeben. welche obere, einer jeden rechteckigen Prismenflache entspre- 
chende Vorsprunge besitzt, angeordnet sind, wobei jede Einheit des auflersten Ringes einen oberen, 
auf einer lagernden Flache des aufnehmenden Behalters ruhenden Vorsprung hat und jede einzelne 
Einheit eines jeden einzelnen Ringes innerhalb des erwahnten au/3ersten Ringes einen oberen, auf 

35 einem unteren Vorsprung einer benachbarten Einheit in dem zu dem einen Ring nachst auflenseitigen 
Ring ruhenden Vorsprung aufweist und die oberen Vorsprunge der Zentrumseinheit auf unteren 
Vorspriingen der Einheiten des innersten Ringes von Einheiten ruhen. 

4. Struktur nach Anspruch 3, wobei jede Einheit des genannten Ringes von Einheiten wenigtitens zwei 
40 obere Vorsprunge und wenigstens einen unteren Vorsprung, welcher einer rechteckigen Prismenflache 
au/3er denjenigen rechteckigen Prismenflachen, die mit den erwahnten oberen Vorsprungen uberein- 
stimmen. entspricht. besitzt. wobei ein oberer Vorsprung einer jeden Einheit eines Ringes von Einheiten 
auf einem unteren Vorsprung einer benachbarten Einheit im gleichen Ring von Einheiten ruht. 

45 5. Struktur nach einem der Anspruche 1 bis 4. wobei jede Einheit die allgemeine Gestait eines korrekten 
Prismas von regelmaiSigem sechsecklgen Querschnitt hat. 

6. Struktur nach einem der Anspruche 1 bis 5, wobei jeder obere Vorsprung durch maschinelles Abtragen 
des unteren Teiis einer rechteckigen Flache des Prismas und jeder untere Vorsprung durch maschinel- 

50 les Abtragen des oberen Teiis einer rechteckigen Flache des Prismas ausgebildet sind, 

7. Prismatische Einheit aus keramischem Material, die zur Verwendung in einer Struktur nach Patentan- 
spruch 1 verwendbar ist und aufweist: 

a) in einer Draufsicht eine allgemeine Gestait, die wenigstens einen Tell eines Polygons umfaflt und 
55 rechtecklge prismatische Fiachen hat, 

b) in wenigstens einer rechteckigen prismatischen Flache eine iiber einen Teil der Lange dieser 
Flache verlaufende Ausnehmung sowie einen von dieser Flache auf deren Rest sich erstreckenden 
Vorsprung und 
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c) eine Mehrzahl von durch die Einheit in einer zu den genannten prismatischen Flachen parallelen 
RIchtung verlaufenden Kanalen. 

8. Einheit nach Anspruch 7, wobei die Ausnehnnung und der Vorsprung in der Rsiche durch maschinelles 
5 Abtragen des unteren Tells der Flache gebiidet sind. 

9. Verfahren zur Erzeugung eines Wasserstoff enthaltenden Gasstromes durch die Reaktion eines 
Kohlenwasserstoff-Ausgangsmaterials mit Dannpf, Kohlendioxid und/ oder Sauerstoff mittels Durchfuh- 
rens der Reaktionspartner durch eine Struktur nach einem der Patentanspriiche 1 bis 6. wobei die 

10 Einhelten mit eInem Katalysator fur diese Reaktion beschichtet oder durchtrankt sind. 
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Fig. 3. 
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Fig. 6, 
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Fig.13. 
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Fig. U. 
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